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Gravitational Illusion 


BALL RAM 


Scientific curiosity come to life 


By T. Ross Kelly 


s every schoolchild and budding 
Aus: knows, the shortest 

distance between two points is 
a straight line—or is it? This wooden 
desktop demonstration is one of a series 
I call Gravitational Illusions (see Online- 
EXTRAS for other fun woodworking 
projects from my “Scientist's Curiosity 
Cabinet”). It’s a simple build comprising 
two ramps, one straight and one wavy, 
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surrounded and separated by 
thin hardwood walls. At the end 
is a box to catch the 3” diameter steel 
ball bearings. But the simplicity of the 
build belies the complexity of the ques- 
tion: when released at the same time, 
which ball will reach the ramps’ end first? 
There are three possible answers. 
The ball on the right has the shorter, 
straighter path, so maybe it gets there 


I saw this neat game in the Oct/Nov 2023 issue of Woodcraft magazine. 


first. The ball on the beft 

has a longer path but a steeper start, 
so maybe it gets there first. Or, since both 
balls start and end at the same height, 
maybe they get there at the same time. 
Throw together this little curiosity and 
test your own theory - or inspire a young 
budding physicist. 
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Construction 
notes 


Copy the pattern on this page (or 
download it from our website and 
print it out). Adhere it to a length of 
34" thick stock using spray adhesive. 
Bandsaw the ramp to shape and sand 
the wavy edge smooth at the spindle 
sander. Lay out a 7” ramp on a second 
piece of milled stock and cut to shape 
Mill the base and frame pieces, then 
glue the assembly together as shown 
below. Then puzzle friends and 
family over which ball will win the 
gravity-fueled race to the bottom! a 
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Physics 


Turns out this is a famous math or physics problem dating back to 1697. From 
Wikipedia: 


Brachistochrone curve 


In physics and mathematics, a brachistochrone curve (from Ancient Greek Bpdyiotoc 

xpövog (brakhistos khrónos) 'shortest time'),[1] or curve of fastest descent, is the one lying on the plane 
between a point A and a lower point B, where B is not directly below A, on which a bead slides 
frictionlessly under the influence of a uniform gravitational field to a given end point in the shortest 
time. The problem was posed by Johann Bernoulli in 1696. 


The brachistochrone curve is the same shape as the tautochrone curve; both are cycloids. However, the 
portion of the cycloid used for each of the two varies. More specifically, the brachistochrone can use up 
to a complete rotation of the cycloid (at the limit when A and B are at the same level), but always starts 
at a cusp. In contrast, the tautochrone problem can use only up to the first half rotation, and always 
ends at the horizontal.[2] The problem can be solved using tools from the calculus of 

variations[3] and optimal control.[4] 


The curve is independent of both the mass of the test body and the local strength of gravity. Only a 
parameter is chosen so that the curve fits the starting point A and the ending point B.[5] If the body is 
given an initial velocity at 4, or 1f friction is taken into account, then the curve that minimizes time 
differs from the tautochrone curve. 


1” Diameter Marbles 


This pattern is set up for the smaller 5/8” diameter marbles. Several years ago I switched all my marble 
games to use the largest 1” diameter marbles. I redesigned this pattern in Sketchup for the larger 1” 
diameter marbles. 


Resawing Maple for 3 boards 


I checked in Sketchup and if I re-sawed a 5.5 inch wide piece of hard maple, I could make the 2 outside 
pieces and the divider from the 2 resultant pieces. 


I used my resaw fixture in my 14” Sears bandsaw with the largest 12” wide blade it will run. It is tough 
to resaw hard maple that is 5.5 inches high. I ended up with 1 piece that I planed to 4” thick thickness 
for the 2 outside pieces, and 1 piece that planed to about 3/16” for the center divider. 


Here is a photo of my bandsaw re-saw fixture: 


I scroll sawed the taper on the 3 boards. 


White Oak for 2 tracks 


I decided to use white oak for the straight and curved track pieces. They will need to be 1-1/8” thick to 
accommodate the 1” diameter marbles. 


Drilled Holes to Reduce Weight 


White oak is relatively heavy, so I drilled holes to reduce the weight of the final project using Forstner 
bits. 


r 


Stain for White Oak 
I used an oil based teak stain. 


I stained the white oak parts before final assembly. I dried them in the over at 115F for about 15 
minutes before the final glue up at assembly. 
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Final Finish 


Amber Shellac. 


‘Traditional Finish & Sealer 


acabado Tradic ional y Sellador 


Dry Clamp Up 


Final Glue and Clamp 


Add a Starter Bar 


On some other videos, people use a pencil to help start the marbles at the same time. 


Why not just design in a “starter bar” which you can flip up to start them equally? 


Designing the Starting Gate 


I used a piece of 3/8 by 3/8” white oak for the barrier. I had to sand off one corner so it had enough 
clearance to release he 2 balls when rotated. 


After I made it, I thought, “I probably should have just used a piece of 14” dowel instead of a square 
piece because I could have drilled 14” holes in the 2 arms and slipped the dowel in.” We will see how 
well this holds up with the grandkids. I did put a brad in each side using the small air nailer. 


Finished Model 


Youtube Video 

You can watch a video of this model in action using this link. 

Sketchup Warehouse 

You can download a copy of this model using this link. 

Closing Thoughts on this Project 

This was a neat little project to build. 

I was surprised how much faster the curved track was compared to the straight line ramp. 


Hopefully, adults and my grandkids will have fun with this one. 


